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(54) Titte: MOTION SENSOR 



A patient movement monitoring ' 
device including a sensor (1 1) for gen- 
erating motion signals, a signal edge de- 
tector, an integrator (A-B). a threshold 
detector for generating an alarm signal, 
and preferably a radio transmitter for re- 
laymg the alarm signal. The sensor is m 
the fomi of an intermittent switch com- 
prising a conductive rolling sphere (13) 
in a cylindrical chamber (15) having a 
conductive wall (17) as one electrical 
pole and end plates (19, 21) electrically 
insulated from the conductive wall and 
forming the other electrical pole such 
that movement of the device will gen- 
erate intermittent electrical contacts be- 
tween an end plate and the cylinder 
wall. 
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MOTION RRWfiOP 

The invention described herein may be made, used or licensed 
by or for the U.S. Government for Governmental purposes. 

5 . FIELD OF INVENTTOW 

The present invention relates to a monitoring device for 
sleeping individuals. More particularly, the present invention 
relates to a motion sensor which detects a particular type of * 
motion over a preselected period of time to then trigger an 
10 alarm. 

BACKGROnWD OF INVEWT^TOW 
Epilepsy is a disorder of the brain characterized by 
recurring seizures,, in which there are uncontrolled electrical 

15. discharges of brain cells. Epilepsy may arise from a very small 
area of damaged brain tissue, or from the entire brain. There 
may be no apparent brain damage, or damage may be limited to an 
area so small it cannot be detected. Therefore, in nearly one- 
half of the cases, the cause of epilepsy is unknown. 

20 There are several types of seizures associated with 

epilepsy, the most common of which are generalized tonicclonic 
(grand mal), absence (petit mal), complex partial (psychomotor), 
and elementary partial (focal motor). Each seizure type can be 
characterized by various symptoms. However, the seizures are 

25 generally not life threatening, lasting at most up to three 
minutes. The exception is status epilepticus, also called 
continuous seizure state. This is the occurrence of repetitive 
or continuous seizures and affects approximately 3 to 5% of those 
individuals suffering from epilepsy. It can exist with all types 

30 of seizures and may result in irreversible brain damage or death 
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Without prompt . medical attention. 

One of the specific problems encountered by parents having 
children afflicted with epilepsy, particularly status 
- epllepticus, is the problem of alerting the parents when the 
child may be having an epileptic seizure during sleeping hours. 
To date the . only recourse the parents have is to sleep with the 
child, in the same bed, hoping to be awakened by the seizure 
during its early stages when the seizure motion may be quite 
mild. Often, the parents will choose to supplement this 
safeguard by using an alarm clock, set to sound every hour, to 
awaken and observe the state of the child. This, of course, 
places an extraordinary burden on both the child and the parents 
and is inherently unreliable. The intermittent sleep afforded 
the parents as well as the desire for privacy by the child and by 
the parents make the procedure impractical and inefficient. 

. Motion sensor devices are obvious solutions to the 
aforementioned problem, provided that such devices can be 
designed to ignore the casual motions of a sleeping child 

(rolling over, etc.) while responding to those motions 
characteristic of a seizure, however mild at the beginning. 
Existing motion sensor devices such as accelerometers or 

displacement followers could conceivably.be designed to detect 
certain types of motion while ignoring others, but are invariably 
expensive and, when the required signal conditioning equipment is 
25 .included, form a bulky package. Moreover, these devices commonly 
require electrical connections between the transducer (affixed to 
the patient) and its associated equipment located near, but not 
on, the patient. 

Accordingly, it is an object of this invention- to provide a 
device for sensing the motion of concern while ignoring, for the 
most part., other non-harmful motion such as ordinary movement . 
during sleep. 

Yet another object of this invention is to provide a simple,, 
effective device for monitoring epileptics without disturbing the 
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Sleep of the patient or the observer unless there is a need for 
conceirh. 

Other objects will appear hereinafter. 

S UMMARY OF THE TWvp ^ jTT r^f^ 
It has now been discovered that the above and other objects 
of the present invention may be accomplished in the following 
manner. Specifically, the invention comprises a. motion detection 
device for use as a monitor for patient movement. 

The device includes a sensor means suitable to be attached 
to the patient for generating motion signals in response to 
movement of the sensor means. The sensor means includes an 
intermittent switch means for generating a series of sharp • 
voltage rises and falls to generate a sequence of voltage pulses 
of predetermined magnitude and time duration. Preferably the 
sensor means includes edge detector means for providing a motion 
sensed output. The edge-detector means includes a pair of 
coupled NOR gates and a non-retriggerable monostable 
multivibrator to condition the motion signals to match the 
condition of the switch means . 

. . The integrating means is adapted to integrate the motion 
signals over a period of time. Part of the integrating means is 
a threshold means for generating an alarm signal when a 
predetermined minimum value of the motion signal is exceeded. An 
intermittent switch is provided for responding to the alarm 
Signal and activating an alarm. A transmitter produces a 
transmitted radio signal upon receipt of the alarm signal. The 
radio signal is receivable by a conventional radio. 

The integrating means includes a voltage leakage circuit for 
defining the minimum amount of movement needed to generate the 
alarm signal. The device further includes reset means for 
bringing the device to an at^rest condition. The device also 
includes means for adjusting the sensitivity of the threshold 
means . 



The preferred intermittent switch comprises a conductive 
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rolling sphere in a cylindrical chamber having a conductive wall 
with one .electrical pole. End plates are electrically insulated 
from the conductive wall and from the other electrical pole so 
that movement of the sphere, caused by movement of the cylinder 
will generate intermittent electrical contact between one end 
plate and the cylinder wall. This cylindeir is easily attached to 
a patient for monitoring. 

The present invention offers an extremely simple, 
lightweight and inexpensive means for detecting motion: Since 
the problem of the present invention is solved- by detecting or 
sensing motion, there is no need to measure the motion in detail 
beyond detecting it. Devices which so measure motion involve 
considerable technical and cost overkill without adding anything 
to the desired objects and goals, in this particular invention. 

. , BRIEF DESCRlPTinM np THE nwawTT ^fr f ff 
For a more complete" understanding of the invention, . 
reference is hereby made to the drawings, in which: 

FIGURE 1 is a schematic view illustratixig the sensor of this 
invention, shown in perspective with parts broken away for 
clarity, with means shown for attachment to a patient. 

FIGURE 2 (comprised of Figures 2A, 2B and 2C) shows a 
circuit diagram of the present invention illustrating the 
preferred embodiment as it is designed for use with an epileptic 
child needing overnight motion supervision. Figure 2A section 
shows an edge detector stage which feeds into Figure 2B summing 
integrator to close a latch stage,. which in turn sersves to 
activate an alarm stage in Figure 2C.. 

DBTAILBT) PKSCRIPTTON OF THE PRRP^R ppn RMBnnT^KW'^ 
AS shown in Figure 1, the sensor 11 is a simple design in 
which a conductive rolling element or sphere 13 is placed in a 
conductive cylindrical chamber 15 having a conductive wall 17 
with one electrical pole, shown in Figure 1 as the negative pole 
End plates 19 and 21 are electrically insulated by insulating 

• 4' ^ 
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lay« 23 from the conductive wall 17 and both constitute the ^ 
othe. electrical pole, here positive as sho«, In Figure i^such 
. ^.t movement of sphere 13 caused by .ove.^t of the cyl der 

Plate 19 or 21, for e,,unple, and the cylinder »aU 17. Wrist 
watch strap 37 with an adjustable f.stenln, device such THLl, 
all!^ = ^"t-er or cl..p (not she™, - 

allows attachment of the sensor or the entire monitor to the 

d^slL °" r *"^-' - °- instance, as may be 

desired, it may also be worn as a belt e a rior,o«w 

particular siee and co..ort needs of tt p:!;;nt " 

The sensor 11 effectively operates as a ••jigole" switch « 
the sr^n, electrically conductive sphere 13 i a'ble to :::e 
freely inside the small hollow cylinder 15. Wall 17 is 
conductive as are end plates 19 and 21, each of which are 
epa ..on. wall 17 by an insulator 23. .^e end plat's 19 and 

21 are electrically connected and form one pole pf the switch ! 

and 1 ? " "^^^ -d Plate 19 or:21 

and wxth the cylinder wall iv, the switch is electrically dosed 
through such mechanical positioning, hereafter referred to as 

r::'::^ h"°^"- "^^^ °" ~^ - oxides d /or 

JhT^m'aT"' -sistance may be ,uit. high and 

felture is ThL electrically closed, .he important 

13 2111 r " °' =--e the ball 

.13 to roll. Because this mechanically closed switch position is 
the only 3table position for the ball 13 in cylinder 15, i e L 
contact With wall 17 .nd an end plate 19 or 21, most of the ' 
rolling takes place in this configuration, ideally the insid. 
cylinder wans, and the inward sides of the end plate r 1.. 
to arch inward in some fashion to insure the baU can ^nly rlu 
xn said configuration in contact with both the cylinder and with 

Ca 1° 7 .: ^1 " ^lectrical, contact w L 

wall 17 IS intermittent, owing to the previously mentioned 
variations in contact resistance. On an oscilloscope, the 
voltage measured between the positive and negative poles which 
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are shown in Figure 1 appear as a sequence of sharp rises and 
falls, and in turn can be used to generate a sequence of 
rectangular voltage pulses pre-designed. in magnitude and time 
duration. These pulses can then be integrated over . time . If 
motion does not continue, the voltage can be arranged to be 
dissipated by leakage which effectively prevents the integral 
from reaching a value that will activate an alarm. If motion 
persists, however, a tiny radio transmitter in the electronic 
circuit means (Figure 2) can be activated by sending a signal 
tone to a coiranon. household radio receiver located nearby. 

• As shown in Figure 2, the electronic circuit means functions 
with a very small number of discrete components , operating from a 
single 3 volt pc watch battery. The circuit shown in Figure 2 is 
designed with the limitations of power and size dictated by its 
intended place of use. Thus, all active components are low power 
CMOS devices of FETs. 

The. circuit shown in Figure 2 can be divided into four 
primary functions. . These are: . an edge detector and signal 
conditioner (Figure 2A) , an integrator with a latch (Figure 2B), 
and an alarm mechanism .( Figure 2C ); S2 represents element 11 of 
Figure 1, whereas switch SI represents merely a power-on switch. 
The edge detector is able to detect a sudden rise, or a sudden 
fall, in the voltage level, (the "spikes-).. ; Either change tends 
to indicate a motion made by the patient. In response to the 
above detections , of either an up or down-going spike, the 
conditioner circuit will generate positive going pulses, all of 
equal height (amplitude) and of equal width, regardless of the 
spike's polarity, amplitude, or (short) duration. The count of 
the number of square pulses is an indication of the number of 
motions that were made., if motion changes occur during the 
period of one of these pulses, such changes will not be acted 
upon. 

The edge detector comprises two coupled NOR gates la and lb 
as shown in Figure 2, because . the state of switch 11 when it is 
at rest is not known, nor can it be known if it is to operate 
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over universal conditions. A non-retriggerable monostable 
multivibrator 2a conditions the signal produced by the edge 
detector to match the characteristics of switch 11 to the motions 
Of interest.. As has been noted, the switch 11 and the circuit of 
Figure 2 ensure that the system will be less sensitive to large 
motions than it is to the sntaller vibrations associated with 
hard shiver" epilepsy seizures. 

The output of the monostable multivibrator 2a at A is fed to 
an integrator A - b, where the pulses are summed and trigger a 
latch (Shown by the remaining NOR gates ic and Id) if the CMOS 
, logxc threshold is exceeded. Note also that the control voltage 
contxnuously decays through a bleeder resistor (4.7M) and will 
eventually drop to zero at Vss when the system is at rest 

. The output B of the latch enables an astable multivibrator 
designed from the second monostable multivibrator 2b. The output 
Of this, astable multivibrator 2b is designed to pulse a VMOS 

DErvr'^s' > ' ' ^^"^^ '° ^ transmitter 

DECO VT-75 at controlled bursts of relatively high current drain. 
The frequency of oscillation used as an input to the transmitter 
xs derxved from a 555 low power timer 3 configured to oscillate 
at about 600 Hz. The 555 is also enabled by the VMOS power KET 
Pul.xng both the transmitter and 555 minimize current drain and' 
limit standby current to about 4 micro amps. 

AS shown in Figure 1, the motion sensor of the present 
invention is designed for attachment to a person who is " 
susceptible to epileptic seizures, particularly of the forms of 
epilepsy which are life threatening, su6h as those which may be 
characterized by a "hard shiver" . The watch strap in Figure 1 is 
a means for attaching the sensor or the entire monitor to the 
patient, on a wrist, or, for example, on a leg. m some cases 
the monitor may be worn as a belt. A buckle is shown in Figure 
1, but other attachment means can be used such as Velcro 
fasteners and the like. 

The procedure to use the sensor includes the following 
steps, the sensor is shaken sufficiently to trigger the radio 
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alarm. The radio is tuned until the alarm ..tone is heard. The 
reset switches S3 and S4 are then momentarily closed on the 
sensor,, stopping the alam. The sensitivity of the sensor is 
then adjusted so that the. alarm sounds in response to motion that 
. 5 has persisted for a length of time determined by the operator, . *" 
usually the parent. The reset switch is again closed momentarily 
and the sensor is how in its ready to use state. • 

In applying the motion sensor to an epileptic child, it is 
desirable that occasional movement, not indicative of a seizure, 

10 not trigger the alarm* The sensor sensitivity effectively 
selects a time period during which motion must be quasi- 
' • -continuous for the alarm to be triggered. In addition, the 

switch design is such that it is more sensitive to small motions 
than to large motions since the rolling sphere breaks contact 

15 with either the end plate or the cylindrical wall with virtually 
. every small movement of the sensor. Of course, the sensitivity 
can be adjusted or set at' various settings depending upon the 
degree of sensitivity needed and the particular application of 
interest. When the motion sensor is applied to situations in . 

20 which any or all motion is of interest, the sensitivity can be 
set at the maximum setting. The device may also be useful for 
monitoring brain injured persons in a health care facility, it is 
suggested^ 

While particular embodiments of the present invention have 
25 been illustrated and described herein, it is not intended that . 
these illustrations and descriptions limit the invention. 
Changes and modifications may be made herein without departing 
from the scope and spirit of the following claims. 
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CLAIMS 

1. A motion detection device for use as a monitor for patient 
movement, comprising: 

sensor means for generating motion signals in response 
. to movement of said sensor means, and said sensor means including 
means for attachment to a patient; 

integrating means for integrating said motion signals 
over a period of time, said integrating means including threshold 
means for generating an alarm signal upon exceeding a 
predetermined minimum val^e of said motion signals; and 

syitch means for responding to said alarm signal to 
activate an alarm. 

2. The motion detection device of claim 1, wherein the sensor 
means includes edge detector means for providing a motion sensed 
output, said edge detector means including a pair of coupled NOR 
gates and a non-retriggerable monostable multivibrator to 
condition said motion signals to match the condition of said 
switch means. 

3. The motion detection device of claim 2, wherein said sensor 
means includes an intermittent switch means for generating a 
serxes of sharp voltage rises and fall, to generate a sequence of 
voltage pulses of predetermined magnitude and time duration, and 
said integrating means includes voltage leakage means for 
defining the minimum amount of movement needed to generate said 
alarm signal. 

4. The motion detection device of claim I, wherein said 
intermittent switch means comprises a conductive rolling element 
m a cylindrical chamber having a conducting wall with one ' 
electrical pole and end plates electrically insulated from said 
conductive wall and forming the other electrical pole such that 
movement, of said element caused by movement of said cylinder Will 
generate intermittent electrical contact between one end plate 
and the cylinder wall, 

5. The motion detection device of claim 4, wherein said element 
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is a conductive sphere, 

6.. The motion detection device of claim t u . 

: Signal upon receipt „£ said aUr« signal, °,!a r!LT ? 

receivable by a conventional radio. 

'•: A notion detection device for . • 

. ""-ement, eonprising. ' ""■"""^ 

.0 ™:™rs\:ne^L°r:™"'r"°" '^^^^ ^° 

.dge detector ™ea„- Z llTiZl V^"'" ■ '-^"^i". 

»ea„. ai.o inCdLg LratacZt^:?:;!!? 
integrating means for inteoratin^ = Pa^ient, 
over a period of ti™. = • ^"^^^^^^^"g said motion signals 

predetermined minimum value of said motion signals- 

activate an^'L^r::: ^ alar^; signal ,o 

: upon .eceipToTsat'aZ^r T^^^ ^ transmitted radio signal 
receivable said. alarm signal, said radio signal being 

receivable by a conventional radio. . ^ 

8- ""otion detection device of claim 7 • 

, detector means including a oair J T " ^^^^ ^^^^ 

■■."v-j-uuing a pair of coupled NOR rt»i-aa 

retriggerable monostable multivlbr-^^^ t ''^^ • ^"'i a non- 

s^^nals .tcb, t.e condS~d ritTl^ 
5, The motion detection device of claim 7 ^i, . 

defim-nrr • • voitage leakage means for 

10. The motion detection device of claim 7 • 
intermittent ..itcH .eana comprise, a c L ^"e^oUi"" o,>e 
in a cylindrical chaa^er having a conductive will X L 
electrical pole and end plates electrically in a d . ^ aaid 
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conductive wall and having the other electrical pole such that 
movement of said element caused by movement of said cylinder will 
generate intermittent electrical contact between one end plate 
and the cylinder wall. 
' 5 11. The motion detection device of claim 7, wherein said device 
further includes reset means for bringing said device to an at- 
rest condition. 

12. The motion detection device of claim 1, wherein said device 
includes means for adjusting the sensitivity of said threshold 
10 means. 
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EDGE DETECTOR & CONDITIONER 
FIG. 2A 
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INTEGRATOR & LATCH 
FIG.2B 
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